Abstract -
INTRODUCTION
The topic of sustainability is a broadly defined one that spans many academic disciplines, from business, economics, and the social sciences, to science and engineering. This work focuses on applying integrated knowledge and interest in Materials Science and Engineering (MSE) and Engineering Management (EM) to inspire, define, and create innovation for sustainability in engineering students.
The paradigm of Materials Science and Engineering is inherently focused on sustainability, as opportunity for innovation and design is possible at each step of the Performance, Processing, Properties, and Microstructure cycle, shown in Figure 1 . Synthetic fibers, the decreasing size of microchips, as examples, and mechanization, automation, and standardization have certainly changed the process yields and quality of manufactured products.
Fig. 1. Materials Paradigm
The forms that opportunities take are often specifically materials-related [6] :
• Use of raw materials • Altering product dimensions • Improving physical properties of products • Improving product performance • New production processes • Scale and form of production
The forms that these opportunities take to impact sustainability can also be depicted by a life cycle assessment (LCA), in which technology innovation and engineering design is possible at each step, shown in Figure 2 .
• Materials 
SUSTAINABILITY FOR ENGINEERING MANAGERS

New Product Development
One example from an MEM project focused on the evaluation of how the automotive industry in North America defined and conducted self-assessments on their sustainability.
In this project, a novel sustainability indicators matrix, similar to a key performance matrix, was proposed by the MEM student, after collecting feedback from production line managers, on what components of sustainability were important to operations and business management.
Another MEM project researched the new venture feasibility of collecting and recycling stockpiles of old tires into construction-pavement materials in Newfoundland. The innovation in this case was not only the end-product but the strategy of addressing a locationbased opportunity that considered each step of the LCA and altered the end-of-life potential of automobile tires, as shown in Figure 3 [5] . 
Strategy
The integration of the materials paradigm and the LCA model shown in Figures 1 and 2 can be compared with strategic business models and considered in what is defined as "strategic positioning" by M.E. Porter, i.e. "performing different activities from rivals' or performing similar activities in different ways" [5] . In addition, the engineering-entrepreneurial approach should in fact include sustainability in as many components of the business model of a technology-based enterprise, as shown in Figure 4 . Similarly, a core competency is a resource or capability that serves as a source of a firm's competitive advantage, and if sustainability is incorporated as part of the venture's core competency, then all strategic decisions pertaining to assets, partnerships, pricing and customer engagement will either reinforce or optimize this [2] . These concepts are discussed in the MEM program and at the undergraduate level in an elective called Engineering Entrepreneurship.
Core Strategy
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IDENTIFYING NEW VENTURE OPPORTUNITIES FOR SUSTAINABILITY
It can be argued that emphasis on sustainability in entrepreneurship has been implicitly communicated over the last few years but not specifically made a focus in undergraduate curriculum.
Sustainability has been discussed in the context of observing trends and external factors (economic, social, regulatory, technological, political and legal) for identifying new venture opportunities. In engineering curriculum, it is sometimes implied in design courses. In this work, a review of the undergraduate business ventures that have been researched and pursued by students over the last four years in the course Engineering Entrepreneurship in the FEAS at MUN reflect this "implied focus" in three areas:
• Sustainability as an opportunity • Sustainability as a business model component • Sustainability as a business objective, i.e. for a product or service Figure 5 shows that approximately a quarter of these business ideas are related to one of the three points above. When categorized into the Ansoff Matrix of potential product-market growth, it can be seen that the majority of these new ventures ideas are new products in existing markets, or focused on new product development [1] . For the focus on sustainability entrepreneurship to be more specifically emphasized in engineering curriculum, an increase in student exposure to sustainability as a theme or component in design, materials selection, and manufacturing would be significant.
MATERIALS SUSTAINABILITY AND SUSTAINABILITY ENTREPRENEURSHIP
In the Winter 2014 semester of Chemistry and Physics of Materials II, a new lab was implemented using materials selection software in which Term 8 Mechanical and Process Engineering students considered the issue of materials sustainability. The lab session introduced the students to the "Eco-Audit" element of the CES Edu-Pak package developed by Michael Ashby and his company, Granta Materials Inspiration and Design [4] . Students were then asked to take on the scenario of engineeringentrepreneurs who wanted to consider sustainability in the production of their products. The students were asked to prepare a technical memorandum discussing the life cycle assessment of a product of their choice. Students were to indicate four parameters to vary in the input (raw materials, manufacturing processes), transport, use, and disposal stages of the LCA. They were to consider the significance of each stage and the reuse-recycle-recover potential at end-of-life. The collection of selected products was:
• Fig.7 . Example Sustainability Parameters for a Snowboard Figure 8 shows example work from students considering the CO 2 footprint of a one-serving disposable coffee cup design using different cup materials and transport combinations. The students analyzed the most significant stages of the LCA for 100,000 non-recyclable, one-serve cups to be shipped from Massachusetts to St. John's (truck and sea) and showed that with a change in materials selection and type of processing, a significant reduction in the CO 2 footprint of the product could be made. 
DISCUSSION
Assessment of Impact and Effectiveness
It can be argued that understanding and applying sustainability in engineering and entrepreneurship has more qualitative measures and a longer-term impact. In the projects discussed in this work, the quality of the outcomes was evaluated as ranging from satisfactory to excellent. In all cases, it was significantly clear that undergraduate students are interested in learning how to 12 In addition, the author welcomes ideas and suggestions of assessment techniques that have been effective in quantifying and qualifying sustainability in engineering entrepreneurship.
Sustainability in Service
In this work, sustainability is discussed only in the sense of engineered materials and products. There are considerations for sustainability with service-based applications and new ventures, and these may be aligned with lean operations, optimization, and quality management. In the realm of this work, while not discussed, service-based sustainability is being further developed for the MEM course Advanced Modeling and Quality Management and has been the topic of a few MEM projects.
Champion for Sustainability
The dynamics and structure of an entrepreneurial endeavor are usually enforced and exemplified by the organization's champions. These champions may include the venture's founders, and just as it is important to have champions for organizational culture, knowledge sharing and management, and empowering leadership, it is critically important for entrepreneurial firms, as well as undergraduate and graduate Engineering departments, to have champions for sustainability. These champions practice "motivating and managing by walking around (MBWA)" and are ready to discuss the important aspects of sustainability.
CONCLUSION
This work presented sustainability entrepreneurship through the models of Materials Science and Engineering for engineered materials and engineered products, Engineering Management, Life Cycle Assessments, and Strategic Management. The educational activities to incorporate the topic of sustainability in engineering curriculum is just beginning, and sustainability entrepreneurship will be better defined and demonstrated in years to come. Sustainability entrepreneurship is a progression that begins with:
• an understanding of the technical issues of sustainability • a motivation, drive and identification of an opportunity • the creation of a product or service valuable to an identified market • the formation of a business entity that aids in the preservation of life-supporting systems and the environment The use of innovative enterprise in a strategic manner to address a sustainability-related issue, while contributing to the improvement of social, economic, and environmental concerns related to human quality of life, is certainly a concept for future engineers to embrace and consider. This work proposes that the essence of sustainability entrepreneurship is having the business activity a characteristic of the technology innovation and making engineering design a critical component of the business solution.
